TITLE OF THE INVENTION 

METHOD AND APPARATUS FOR UNLOADING GRADIENTS 



BACKGROUND OF THE INVENTION 

A. Field Of The Invention 

The present invention relates to a method and apparatus for separating portions of 
liquid in a vessel. Specifically, the invention relates to a method and apparatus for 
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produced during the course of centrifugal separation of cellular and/or subcellular 
material. The present invention is applicable to cell separation and subcellular 
fractionation and analysis, and to density gradient methods used in molecular biology, in 
polymer chemistry, in physical chemistry, and in the characterization of physical 
particles generally. The present invention further relates to an automated method and 
apparatus for recovering fractions from multiple density gradients in parallel using floats 
that float on the surface of the gradient. 

B. Description Of The Related Art 

The publications and other materials used herein to illuminate the background of 
the invention and to provide details respecting the practice are incorporated herein by 
reference, and for convenience are respectively grouped in the appended List of 
References and are incorporated by reference in their entirety. 

Density gradient centrifiigation has been used to separate biological particles on 
the basis of, for instance, sedimentation rate or banding density. Continuous gradients 
may be formed either using simple manual techniques, or by using gradient formers, of 
which a variety have been described (Boch and Ling). In other methods, step gradients 
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may be made initially^ and used directly in simplified procedures, or they may be 
linearized by diffusion, or mechanically by slowly turning the tubes in an angled 
position. Samples of material, such as cellular material, are placed in a centrifuge tube 
above such a gradient, subjected to centrifuging in a centrifuge for a predetermined time 
5 period and then removed from the centrifuge. The centrifuging causes specific portions 
or fractions of the cellular material to move to specific portions of the gradient. 

If dyes or other observable indicators are present, visual inspection may reveal 
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visible by scattered or reflected light, by light absorbance, or by fluorescence to guide 
10 recovery. Once identification of separations is made, one or more zones or fractions of 
the gradient may be removed for further analysis. Gradients may be removed or 
recovered by pumping the desired portion of the gradient out of the centrifuge tube 
through a small tube extending to the bottom of the centrifuge tube. Alternatively, the 
gradients can be removed by displacing the gradient with a denser fluid introduced to the 
15 bottom, with the gradient then collected through a tight-fitting inverted funnel at the top. 
The gradient may pass through a flow cell in a colorimeter, spectrophotometer, 
turbidometer or fluorometer to determine the location of particle bands. The simplest 
method for collecting a gradient is by puncturing a hole in the bottom of a plastic 
centrifuge tube, and allowing the gradient to drip out, in which case, the drops may be 
20 collected individually or in groups. 

In zonal centrifuges, gradients are unloaded while the rotor is spinning, and 
centrifugal force maintains the order of zones. This technique is not readily adaptable to 
recovering gradients from individual centrifuge tubes. 

To attain reproducible precision rate zonal centrifugation or precision isopycnic 
25 centrifugation done in multiple-parallel gradients, gradients must be unloaded in a 



consistent identical manner, with as little loss of resolution as possible. Current 
unloading methods do not provide a reliable means for processing large numbers of 
gradients in a reliable, reproducible manner. Therefore, there is a need for a simple 
method for unloading identical gradients, and for recovering from them identical 
fractions. 



SUMMARY OF THE INVENTION 

One object of the present invention is to provide a simple and reliable means for 
unloading individual layers or zones from liquid density gradients. 

In accordance with one aspect of the present invention, a float is formed with a 
concave upper surface thereby defining a well. The float is adapted for insertion into a 
vessel such as a centrifuge tube having a density gradient therein. The float may be 
pushed downward in the tube to allow a portion of the density gradient to spill over an 
upper edge of the float, thereby allowing a desired portion of the density gradient to spill 
over into the well. A pipetter may then be used to remove the separated portion of the 
density gradient now located in the well. By repeatedly pushing the float successively 
lower into the tube, various portions of the density gradient may be easily separated and 
removed. 

The float of the present invention may be used in any of a variety of applications. 
For instance, the float may be used in manually conducted separation procedures where a 
technician manually pushes the float down in order to capture a portion of a gradient in 
the well, then remove the separated portion of the gradient with a pipetter or syringe. 

The float of the present invention may form part of an automated system where a 
remote controlled pipetter is lowered into a tube to both push the float down, and to 
capture a portion of a gradient. The automated system may include an optical reader to 



of the gradient in the tube in order to aeiei 



identify zones or layffs of the gradient in the tube in order to aefermine the movement of 
the float necessary to capture a desired portion of the gradient. Alternatively, the 
automated system may be programmed to lower the float to a predetermined depth 
thereby capturing a predetermined portion of a gradient for removal. 

5 The float of the present invention may also form part of an automated system in 

which samples isolated by the float are expelled from the centrifuge by brief application 
of air pressure. In this version the pipette tube is stationary, and the centrifuge tube, 
float, an airtight cap and means for holding the cap in place comprise a unit which is 
moved vertically at suitable intervals by a stepping motor. The stationary pipette enters 
10 the cap through a small O-ring. Tubular means for conduction of air under pressure 

through the cap are provided, together with means for moving a series of collecting tubes 
to receive the expelled fractions. 

The float of the present invention and the automated fractionation and recovery 
systems may further be reduplicated to form an array of recovery systems such that a set 
15 of identical or comparable gradients may be unloaded in parallel. 

The float of the present invention may also be modified through the inclusion of a 
circumferential groove in the upper cavity of the float so that it may be easily grasped by 
a gripper which can serve to insert the float before centrifugation, and remove it after the 
gradient zones have been recovered. 

20 A float of the instant invention can be configured of a particular material or of 

particular materials so to have a particular density. That also can be achieved by having 
particular coatings on the float, having the float contain a ballast, by having a hollow 
float containing a material or materials of particular density and so on. Moreover, the 
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d but can be perforated, for example bycRube or tubes, or can be 
porous to enable passage of fluids therethrough. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 A, IB, 1C and ID are side views showing a push-down float used for 
removal of one gradient layer at a time from a plurality of layers of separated materials in 
a vessel in accordance with one embodiment of the present invention; 

Figs. 2A. 2B. 2C and ?D ?rc further side views shewing operations of removal of 
a gradient layer from a vessel using a second embodiment of a push-down float in 
combination with a pipetter, the second embodiment of the push-down float having an 
enlarged center collecting well; 

Fig. 3 is a top view of a third embodiment of a push-down float wherein the float 
is formed with a serrated edges to facilitate flow of fluid around the outer surface of the 
float; 

Figs. 4A and 4B are a side schematic view of an automatic pipetting system 
including an electronic scanner for determine a location of particle zones in a gradient 
and controlling recovery of the particle zones in the gradient; 

Fig. 5 is a side view of an alternate embodiment of an electron scanner used in 
the automatic pipetting system depicted in Fig. 4, on an enlarged scale, showing details 
of the alternate embodiment of the electronic scanner; 

Fig. 6 is a flowchart showing operational control steps for the automatic pipetting 
system depicted in Figs. 4A and 4B; and 

Fig. 7 is a flowchart showing operational control steps for the automatic pipetting 
system depicted in Fig. 6; and 



is multiple-parallel unloading of gradients; and 

Fig. 9A through 9D show an alternative collection system in which the collected 
fractions are recovered by air pressure either singly or in parallel with the float remaining 
in a generally constant position, while the vessel is moved upward in stages; and 

Fig. 10 illustrates a grooved recovery float and gripper for inserting and 
recovering floats; and 

Fig. 1 1 is a flow chart of the steps involved in positioning the floats in gradient 

tubes. 

Figs. 12A-12J depict alternative forms of a float. In the figures, the solid black 
regions depict materials impervious to a gradient liquid. The gray regions depict 
materials that enable liquids to flow therethrough. Fig. 12A thus is a float similar to that 
depicted in Figs. 12A-12D. However, the entire float of Fig. 12A could be made of a 
permeable material. Fig. 12B depicts essentially a solid ring and side wall structure with 
a permeable flat disc in the center. Fig. 12C depicts another form of the concave 
superior surface of a float of interest. Fig. 1 2D is a wholly permeable float with two 
concave surfaces. In Fig. 12E, the bottom surface of the float composed of a permeable 
material is at each point thereof equidistant from a central orifice in the non-permeable 
material that comprises the concave superior surface and side walls of the float. Fig. 
12G is a float containing a tube-like passageway for movement of liquids through the 
float via the passageway. The float can be configured to comprise multiple passageways. 
Fig. 12J is an example of a float that is configured to float at a point intermediate in the 
gradient and thus causes for a movement of the upper portions of the gradient around and 
through the permeable portions of the float into the concave portion of the float. 



Because the upper pWtions of the float comprise a permeable material, the gradient 
portions can flow through and over the rim of the float. 



DETAILED DESCRIPTION OF THE INVENTION 

, Fig. 1 A shows diagrammatically a plastic float 1 floating on the top of a density 
gradient 2 in a vessel or tube 3. Figs. IB, 1C and ID are all enlarged portions of Fig. 1A 
showing details of the float 1 . Specifically, the top surface 4 of float 1 has a concave 
depression, tapering downward from the edges to the center, while the bottom 5 is 
convex also tapering downward from the edge to the center. The concave depression in 
top surface 4 of the float 1 may be conical and preferably has a central point or central 
portion that provides a pipette 6 (described in greater detail below) with a low point from 
which liquid can be suctioned, as is described in greater detail below. By inserting a 
pipette and engaging the superior, concave surface of the float, the float can be 
manipulated for reorientation or repositioning in the vessel before or following the 
addition of a liquid. 

The upper, concave surface terminates in a rim at or near the inner surface of the 
containing vessel. The rim of the float of Figures 1 A- IB is formed by the intersection of 
the upper concave surface with the sidewall of the float. The rim intersection of the 
sidewall of the float and the concave surface of the float may be of a more rounded shape 
then depicted in the figures when viewed from the side. A more rounded shape 
facilitates movement of liquid from the concave surface into the gap and thus into the 
area below the float when the gradient is formed. The rounded rim also facilitates 
movement of liquid from under the float, up through the gap and into the concavity of 
the upper surface when a downward pressure is applied to the float for removal of 
gradient portions. 



preferably a conical shape but may alternatively have a spherical 
shape. The shape of the bottom 5 assists in directing a layer of a gradient upward toward 
the outer sides of the float 1 as the float is pushed downward by the pipette tip. 
However, the float can have a horizontal surface or a concave surface to enhance 
5 movement of liquids. 

The density of the float 1 may be dictated by the choice of construction material. 
Thus, the float can be constructed of a single material, such as polypropylene, or of 
multinle materials. Also, the float can be formed of one or more materials with the 
materials having an increasing weight and density toward the inferior convex surface 5. 
10 Such an orientation makes the float "bottom heavy" and thus ensures the float maintains 
a more upright orientation in the vessel when liquids are introduced. 

Alternatively the float 1 may be formed with a cavity at the convex surface 5 and 
preferably at the lowest part of the convex surface 5. Then a plug of a more dense 
material, such as a metal, is inserted into the cavity to serve as a ballast. The size of the 
15 cavity and the density of the plug can be altered to obtain a float of appropriate overall 
density commensurate with the liquids used and to ensure the float maintains an upright 
orientation in the vessel with minimal contact with the inner surface of the vessel. 

The float may be made hollow or configured as a shell that is filled with a filler 
material of an appropriate density. 

20 In an alternative embodiment, the float can be constructed to contain one or more 

channels, tubes, passageways and any such means that will enable the movement of 
liquids through the float. Thus, the float can be made to contain a portion of a, for 
example, porous material, a spongy material, a fibrous material, sintered beads, sieves 
and the like, that enable the movement of a gradient through the float into the concavity 
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at the superior aspecrof the float. If tubes or passageways are used, those tubes can be 
configured to have a valve means at the surface near the concave face of the float to 
enable a directional flow of fluids from the vessel into the concavity of the float. Such a 
valve means can include a ball valve or a flap valve. 

One combination of a porous and a non-porous material into a float of interest is 
one where the float is comprised of a porous material and the concave surface of the float 
contains a non-porous material, wherein the non-porous coating does not extend all the 
way to the rim of the float so that on the face of the concavity is a "ring" of porous 
material that will allow the movement of a gradient through the float to collect in the 
concavity of the float for removal. 

The density of the float can be configured to be of a certain and particular density 
so that the "float" does not necessarily float at the top of the gradient but at some 
intermediate level where a particular density of liquid is found following the separation 
process. Therefore, the actual floating position of the float of interest is at a density of 
liquid that is found within the gradient. Therefore, the float can be placed into the vessel 
of a completed gradient and allowed to attain a stable position in the gradient located 
somewhere intermediate with the gradient. That self-movement of the float within the 
gradient will cause the upper portions of the gradient to pass around and through the float 
into the concave surface of the float. Therefore, a portion of the upper portions of the 
gradient can be removed without having to manually push down the float. 

In the design of the float, the intersection of the sidewall of the float and of the 
convex surface of the float also can be rounded to minimize sticking or wedging of the 
float inside the vessel and to maintain the free floating nature of the float in the vessel. 



The sidewa^^the float 1 that is parallel to a portion ^^e inner surface of the 
vessel is preferably long enough to prevent the float from tipping or spinning in the 
vessel. 

The float may be made of a hydrophilic material that will minimize beading on 
the float. Suitable materials include wood, hydrophilic plastic, rubber, glass and so on. 

The float also may be coated with a material different from that comprising the 
float to ensure the desired surface properties are obtained, such as minimal beading or 
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The vessel 3 may be, for instance, a centrifuge tube having materials therein for 
separating cellular material or other bio-matter in a centrifuge. After the material has 
been separated, a plurality of layers and/or zones are created, each layer or zone having a 
distinct separated material or group of materials that are under study. 

Removal of each layer or zone for further study or analysis is effected by the 
pipette 6 that uses suction to remove the desired layer or zone from the concave 
depression in the top surface 4. In previous manual methods for removing a single zone 
or layer (without the float of the present invention), a steady hand is required to position 
the pipette within the desired layer or zone for removal of the desired material, or the 
pipette must be positioned mechanically. In the present invention, the lower end of the 
pipette 6 is positioned above the float 1 , with the lower end contacting the center of the 
concave top 4, as is shown in Fig. 1C. The pipette 6 is pushed downward, for instance, 
by hand or by a positioning device (not shown), thereby pushing the float 1 to a position 
beneath the upper surface of the liquid in the vessel 3. 

The downward, slow and even movement of the float 1 by the pipet, forces the 
underlying fluid 7 to flow up through the narrow annulus 8 around the outer 
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circumferential edge?of the float 1 wherein the liquid collects in the conically shaped 
concave area at the top 4 of the float 1 . That liquid defines a separated fluid 9, which 
may exceed in volume that of the concave cavity in the top of the float. As shown in 
Fig. ID, the separated fluid 9 above the float is then removed by pipette 6. Pipette 6 is 
then moved to a separate tube in a fraction collector such as a separate tube (not shown 
in Fig. 1), suction is released, a small pressure is applied and the collected fraction is 
unloaded into the separate tube. The process is then repeated to remove further layers or 
zones of separated material. 

It should be understood that the pipette 6 may be positioned above the float 1 by 
hand, by a manually operated positioning device, or may be connected to a robotic 
device that includes a feedback controller that includes means for determining the 
location of the layers in the vessel 1, and the relative position of the pipette 6 and the 
float 1 to provide an accurate means for removing each layer or zone of separated 
material. 

The size of the annulus 8 is determined by the relative diameters of the inner 
surface of the vessel 3 and the outer surface of the float 1 . Preferably, the diameters are 
such that the float 1 is easily moved up and down in the vessel 3 but is small enough so 
the float 1 can be positioned at the boundary between two separate layers or zones of 
material in the vessel 3. Specifically, as shown in Fig. 1C, the pipette 6 is pushed 
downward to a location in the vessel 1 where all of the fluid in one zone 9 is located near 
or above the upper edge of the float 1 and the fluid 7 beneath the float 1 is restricted to 
the annulus 8 and the area below the float. 

Precise movement of the pipette 6 and float 1 permits isolation of the fluid 9 
without disturbing the fluid 7 beneath the float 1 . Once the fluid 9 is isolated from the 
fluid 7 above the float 1 , the pipette 6 uses suction to remove the fluid 9, as shown in 
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Fig. ID. The isolaral fluid is then deposited in a separate vessel or tube (not shown in 
Fig.l.) 

Fig. 2 A illustrates a collecting float 10 having a slightly different shape than the 
float 1. Specifically, the float 10 has an axial length that is greater that its diameter. 
Further, the float 10 has a deep concave collecting center well 13 that has a conical 
shape, but a spherically shaped center bottom. The float 10 is shown in Fig. 2A floating 
on liquid 1 1 in the vessel 3. As shown in Fig. 2B, the distance that the float is pushed 
down determines how much flui'd flows over edge 14 partially filling the center well 13 
with fluid fraction 15. Fig. 2C illustrates that if the pipette tip 6 is now raised slightly, 
the float will rise, lowering the level of the meniscus 16 around the edge of the float, 
preventing further flow of liquid into the center well. As shown in Fig. 2D, the fluid 15 
in the upper well may then be removed by the pipette 6. This process may then be 
repeated to collect consecutive additional fractions. 

With slow and precise movements of the pipette 6, it is possible to move the float 
in such a manner as to insure slow movement of fluid from the underlying gradient up 
through a narrow annulus, over the defining edge of the float, and into the central well of 
the float from which the desired zone of the gradient is collected. The position of the 
float in pushed-down position defines the volume of the gradient fraction collected at 
each step. 

The pipette 6 may be manually manipulated by a technician or scientist in order 
to extract a desired layer or zone of material from a tube, however, the various floats in 
accordance with the present invention, may be part of a robotic system, remotely 
controlled system, semi-automatic system or completely automated system for zone or 
layer removal. 

Fig. 3 illustrates an alternative configuration in which a float 20 has vertical edge 
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projections 21 that define an annular space 22 between the floafand wall 23 of the vessel 
3. This configuration allows more precise definition of the annular space between the 
float and the tube wall. 

The floats may be made of a plastic that is less dense than water, such as 
polyethylene or polypropylene, and may be easily washed, or may be disposable. In 
manually operated systems the floats may be simply dropped onto the gradient, and their 
diameter and length are such as to prevent inversion. The upper portion of the float may 
be a hydrophobic material to facilitate removal of the gradient from the concave 
depression. Alternatively, the concave surface can be coated with a hydrophobic 
material. 

Figs. 4A and 4B illustrate diagrammatically one embodiment of an automated 
system for scanning and unloading gradient tubes where portions of a gradient in the 
tubes are removed. Unloading of portions of the gradient in a tube may be facilitated by 
scanning optically identifiable differences between layers, zones or regions of the 
gradient in order to determine the size or depth of each region of the gradient. Under 
conditions where the fluids that make up the gradient have no visible differences within 
normal lighting conditions, epifluorescent or back illumination may be used to detect 
fluorescence. It should be understood that dyes or other visible markers may also be 
used in order to provide visible delineations between layers or zones of the gradient. 

As shown in Figs. 4 A and 4B, a digital camera 30 is focused on one vessel 3 (a 
centrifugal tube) for acquiring images of density gradients in the vessel 3. A computer 
38 is connected to the camera 30 for controlling the camera and further for analyzing and 
displaying the images acquired by the camera 30 of the vessel 3. A second computer 44, 
shown in Fig. 4B, is connected to the first computer 38 via a communication line 43 such 
that information from the first computer 38 may be transmitted to the second computer 

13 



44. The second computer 44 is connected to a robotic X-Y device 80 via line 47. The 
X-Y device includes a gripper 75 that selectively grips a sample recovery pipette 17 and 
includes software for controlling movement of the pipetter 49 on the X-Y device 80. 
The gripper 75 includes a track (not shown) that allows the gripper 75 to be vertically 
moved to position the pipetter 49 selectively in and out of vessels 3. The second 
computer 44 includes software, further described below, for controlling the vertical 
position of the gripper 75 thereby accurately positioning the pipetter 49, tip 17 and float 
10 (as shown in Fig. 2C) at a level within the vessel 3 for sample recovery. The second 
computer 44, shown in Fig. 4B, also includes software for controlling suction provided 
to the pipetter 49 for removing a recovered zone or layer of a gradient captured from the 
well of the float 10. The suction source (not shown) is connected to the pipetter 49 to 
selectively provide suction and the computer 44 is electronically connected to the suction 
source for controlling application of suction to the pipetter 49 for sucking up a desired 
layer or zone, and releasing or expelling the isolated layer or zone into a separate tube, as 
is described in greater detail below. 

In the depicted embodiment in Figs. 4A and 4B, the digital camera 30 is focused 
on one of the vessels 3 carrying the density gradient. A light source 33 provides exciting 
light through filter 34 and is reflected off split beam prism 35 to illuminate the vessel 3. 
An emission filter 36 filters out the exciting wavelengths and stray light, and isolates the 
wavelengths from the fluorescent dyes used or from natural color or fluorescence of 
bands in the density gradient in the vessel 3. Signals from camera 30 are transmitted 
through cable 37 to microcomputer 38 and the results are displayed on CRT 39. The 
image on the CRT 39 may include, for instance, an image of a scale 40 indicating heights 
at the focal plane of camera 30 (and corresponding to the heights of the various layers of 
the density gradient in the vessel 3), a black and white, pseudocolor, or color translation 
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image 41 of the vessel 3 ? and plot of light intensity vs. distanced along the height of the 
vessel 3. The computer 38 is further provided with software for determining the height 
of each zone or layer of the density gradient from the graph plot of light intensity vs. 
distance 42. Vertical movement of the pipetter 49 is determined from the height of each 

5 zone or layer such that each layer may be removed one at a time from the vessel 3 and 
moved to a smaller tube 52. 

In Fig. 4B, the X-Y device 80 and the pipetter 49 are located within a sealed 
compartment 48 that is provided with temperature controlled via a cooling unit 53. The 
cooling action of the cooling unit 53 keeps the density gradients in the plurality of 

10 vessels 3 at a temperature where diffusion of the various layers of the gradient is 
retarded. Within the compartment 49 there is a plurality of vessels 3, each having a 
density gradient formed as a result of, for instance, centrifuging. A group of smaller 
tubes 52 are disposed adjacent to the vessels 3, each tube 52 for receiving recovered 
zones or layers from the density gradient taken by the pipetter 49 from the vessels 3. 

15 Each tube 52 is provided for receiving one gradient layer or zone from a single vessel 3. 

It should be understood that there are many possible configurations for location 
of the camera 30. In one configuration (shown in Fig. 4 A), the camera is focused on a 
vessel 3 that has been moved from the compartment 48 for scanning by the camera 30. 
The vessel 3 is later returned to the compartment 48 for layer removal. Further, the 

20 vessel 3 may be one of a plurality of almost identical vessels each having approximately 
the same density gradients. Therefore, scanning of one vessel 3 of the plurality provides 
height and depth information for all of the plurality of vessels 3 in the compartment 48. 
However, the system shown in Figs. 4A and 4B may be used in a manner such that each 
and every vessel 3 is scanned individually for determination of height of each zone or 

25 layer of density gradient. 
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In an alternative configuration (not shown), the cameraiD may be focused on the 
vessels 3 within the compartment 48. In other words, the camera 30 may be used in real 
time for determining the depth, or overall height of each zone or layer within the 
temperature controlled compartment 48 without removal of the vessels 3 from the 
compartment 48. 

It should also be understood that the computers 38 and 44 may be two separate 
computers or may alternatively be a single computer having a plurality of software 
functions enabling the single computer to scan a vessel 3 to determine zone thickness 
and depth. The computer means also will control movement and sample recovering 
functions of the pipetter 49. 

Fig. 5 is a top view, looking down, that illustrates diagrammatically another 
configuration of a digital camera 61 having two light sources 62 and 67, and movable 
emission filters 70-72 used to produce color translation images. 

Color translation may be used to make readily visible differences between images 
obtained in the ultraviolet, a combination of ultraviolet and visible, or closely spaced 
intervals in the visible. Thus, for example, images obtained at 450, 415 and 380 nm may 
be rendered as red, green and blue, as may images obtained in the visible at 530, 520 and 
510 nm. The wavelengths chosen for translation depend on the dyes used, or the native 
fluorescence of the particles to be separated. 

In Fig 5 clear, transparent tube 3 is held vertical to the page by curved edge 
shielding supports 60, and is illuminated by solid square light pipe 65 transmitting light 
from the light source 62 through collimating lens 63 and excitation filter 64 to illuminate 
the entire length of tube 3. To accommodate a wider range of incident or exciting 
wavelengths a second light source, 67 is provided together with filter 68 and solid light 
pipe 69. A curved black panel 66 is provided behind the centrifuge tube 3 to reduce the 
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. w w digital camera. A series of movable filters 70, 71 and 72 may be 

moved in front of the camera 61 to isolate emitted fluorescent light from exciting 
wavelengths to enhance image processing by color translation. 

Fig. 6 is a flowchart showing operational steps for the system depicted in Figs. 
4 A and 4B. In step SI, the computer 38 obtains an image of the vessel 3 from the 
camera 30. In step S2, the computer 38 uses the image data obtained from the camera 30 
to determine the depth that the float 10 must be moved to in order to recover each 
individual zone or layer of the density gradient in the vessel 3. For instance, from the 
image 41 and graph 42, the computer 38 determines that there are five (5) distinct 
optically recognizable zones, each zone corresponding to a peak on the graph 42 and four 
intermediary boundary layers, one boundary layer located between each pair of adjacent 
peaks. Depending upon user input or preprogrammed instructions, the computer 
determines the number of separate movements necessary for removing each zone and/or 
boundary layer of the density gradient in the vessel 3. For example, previous user input 
may designate that boundary layers between each of the five zones are to be separated 
from the five zones. Therefore, nine separate operations are necessary to extract the five 
layers and the four boundary regions from the vessel 3 and move each zone and 
boundary layer to a separate individual tube 52. 

In another example, previous user instruction may designate that the five zones 
are to be taken with a portion of the boundary layer divided equally between zones. In 
other words, each boundary layer is divided between adjacent zones. Therefore, the 
depth and thickness of each zone would include one entire peak of the graph 42 plus half 
of the boundary layer between zones. 

In yet another embodiment of the present invention shown in Fig. 4B, the 
computer 44 is provided with predetermined heights and thickness of each zone or layer 
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of the density gradient in the tubes 3. The predetermined heights and thickness of each 
zone or layer may be entered in manually by an operator or stored from a previous scan 
of one of the plurality of vessels 3. In a series of sample separations or tests, where 
reproducible density gradients are produced in large numbers, scans of the heights and 
5 thickness of zones or layers of the gradient may not be necessary. Rather, only 

predetermined dimensions are needed to recover the layers and move each layer from a 
vessel 3 to separate tubes 52. Thus computer 44 and the complete pipetting device 
including the compartment 48, the X-Y device 80, pipetter 49, gripper 75, vessels 3 and 
tubes 52, all described above with respect to Fig. 4B may be used as a stand alone 



X-Y device 80 from the computer 38 or 44 (depending upon whether one or two 
computers are employed) to an (x,y) location above one of the vessels 3. At step S4, the 
pipetter 49 is moved downward to the determined depth for the zone or boundary layer 



15 being recovered thereby pushing the float 10 in the vessel 3 downward. Downward 
movement of the float 10 causes the desired portion of the density gradient to spill into 
the well 13, as shown in Fig. 2. After a predetermined time period (for instance, a couple 
of seconds) the computer may optionally move the pipetter upward a small amount to 
stop flow of fluid into the well 13. Next the computer engages suction or vacuum from a 

20 vacuum source (not shown) to the pipetter 49 causing the zone or layer in the well 13 to 
be drawn into the pipetter 49. At step S5 the computer causes the pipetter 49 to be 
moved to an (x,y) location above one of the tubes 52 and the fluid in the pipetter 49 is 
thereafter deposited in the tube 52 for later processing or analysis. In step S6, the 
computer determines whether or not there are more layers or zones to be recovered. If 

25 there are more layers or zones to be recovered, the process returns to step S3 for removal 
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device. 



At step S3 in Fig. 6, the pipetter 49 is moved by control commands sent to the 
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of the next layer or zone. If all layers or zones have been recovered, the operation is 
completed. The complete operation is repeated for each vessel 3 having a density 
gradient to be recovered. 

Fig. 7 is a flowchart showing operational steps for a stand-lone system based on 
5 the system depicted in Fig. 4B. In such a system, the height of the various layers and 
zones in the density gradient may be previously determined, rather than being optically 
determined in situ. In step S10, the computer 44 obtains information concerning height 
and size of each individual zone or layer of the density gradient in the vessel 3. For 
instance, the height and size of each zone or layer may be manually inputted into the 

10 computer or may be stored in long term memory (such as a hard drive) for later retrieval. 
At step SI 1 in Fig. 7, the pipetter 49 is moved by computer 44 to an (x,y) location above 
one of the vessels 3. At step SI 2, the pipetter 49 is moved downward to the determined 
depth for the zone or boundary layer being recovered thereby pushing the float 10 in the 
vessel 3 downward. Downward movement of the float 10 causes the desired portion of 

15 the density gradient to spill into the well 13. After a predetermined time period (for 
instance, a couple of seconds) the computer may optionally move the pipetter upward a 
small amount to stop flow of fluid into the well 13. Next the computer engages suction 
or vacuum from a vacuum source (not shown) to the pipetter 49 causing the zone or layer 
in the well 13 to be drawn into the pipetter 49. At step SI 3 the computer causes the 

20 pipetter 49 to be moved to an (x,y) location above one of the tubes 52 and the fluid in the 
pipetter 49 is thereafter deposited in the tube 52 for later processing or analysis. In step 
SI 4, the computer determines whether or not there are more layers or zones to be 
recovered. If there are more layers or zones to be recovered, the process returns to step 
SI 1 for removal of the next layer or zone. If all layers or zones have been recovered, the 

25 operation is completed. The operation is repeated for each vessel 3 having a density 



19 



gradient to be recovered. 

It should be understood that although only one pipetter 49 is shown in Figs. 4B 
and 6, a pipetter 49' shown in Fig. 8 has a plurality of pipetter tips 17 that may be 
employed for simultaneous removal of zones or layers 15 from multiple vessels 3, each 
vessel 3 having a corresponding float 10 therein. For instance, similar layers 15 of 
density gradients in a series of six (6) vessels 3 each having the float 10 on the upper 
surface of the density gradient may be manipulated all at the same time if the density 
gradients in each vessel 3 are similar. In such an arrangement, the pipetter 49' having 
multiple tips supported by gripper 75 (and suction means not shown) may be arranged to 
remove identical fractions simultaneously from each vessel of a set of vessels, each 
vessel having identical gradients. Each zone or layer (now a fraction of the gradient) is 
thereafter transferred to a corresponding set of collecting tubes 52. 

An alternate embodiment of the float design is illustrated in Figs. 9A through 9D 
in which the sample layers are recovered using air pressure instead of a partial vacuum. 
In this design, as shown in Fig. 9A, centrifuge tube 90 containing density gradient 91 
containing separated particle zones (not shown) is supported on holder 92 which is 
driven upward by stepping motor 93 using screw 94. The top of the centrifuge tube 90 is 
closed by cap 95 which is held tightly in place by clamp 96 and adjustment screw 97 and 
the top sealed by o ring 98. Float 99 is positioned on the gradient and tube 90 is move 
up until the tip of recovery tube 100 touches the bottom of the depression in the float. 
The concentric tubes 101 include outer tube 102 which serves to conduct air under 
pressure to the chamber above the float when valve 103 is opened to air under pressure 
in tube 104. The innermost of the concentric tubes is the transfer tube that has tip 100 
touching the bottom of the float, and tip 106 positioned over the first collecting tube 108. 
Concentric tubes 101 are lightly sealed as they pass through cap 95 by O ring 107. Thus, 
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as tube 90 and assoSed components are driven upward againsTstationary tip 100, float 
99 is slowly pushed down, defining the first volume element of the gradient to be 
collected. After each volume element is defined, and the upward movement of the tube 
90stops, air pressure is introduced through valve 103 expelling the fluid above the float 
into one of the collecting tubes in the series of tubes supported by tube holder 117 which 
is driven horizontally by stepping motor 116 between zone collections. Note that the end 
of the air displacement tube 1 1 1 is always above the level of fluid around tube 99. 

The collecting process is illustrated in Fig. 9B in which fluid zone 1 14 is 
collected in float 99 as tube 90 is pushed up by motor 93. Two previously collected 
sample zones 1 12 and 1 13 are shown in their respective tubes 108 andl09. Motor 1 1 1 
has moved the set of collecting tubes to position tip 1 06 over tube 1 1 5. As shown in 
Fig. 9C, air pressure through valve 103 expels the fluid above the float through transfer 
tube tip 100, out tip 106, and into tube 115, as fraction 1 16. Fig. 9D illustrates the 
completion of the collection process in which motor 93 has driven float 99 against the 
bottom of the centrifuge tube, and the collection tubes 107 to 1 17 contain the collected 
fractions. This process is effected by the coordinate movements produced by motors 93 
and 116. 

For full automation of the gradient collection process it is important to have 
means for both introducing the collection floats at the start of collection, and for 
recovering them after collection is complete. A modified push-down float 120 adapted to 
this purpose, shown in Fig. 10A, has an annular groove 121 inscribed on an inner surface 
of upper cavity 122 defining a corresponding inwardly protruding ridge which allows a 
grasping tool 125 shown in Fig. 10B to grasp and move the float for insertion and 
removal. 

Figs. 10B, 10C and 10D illustrate how push-down gradient-collection floats may 
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be robotically loaaSa into centrifuge tubes containing gradients and separated particles 
after centrifugation. A stack of modified collection floats 123 is contained initially in 
cylinder 124. These are removed one by one by gripper 126 that includes two identical 
spring members 126 that are spring biased to move away from one another. The spring 
members 126 are closed by movement of rollers 127 that are positioned vertically by 
support 128 driven by mechanism 129, which in turn is moved vertically by a 
mechanism not shown. In the configuration of Fig. 10B, the gripper, rollers 127, support 
128 and mechanism 129 are adjusted to move the gripper surfaces 125 close together and 
below the level of the ridge so that the gripper surfaces 125 may be inserted into the 
groove 121. 

In Fig. IOC, rollers 127 have been moved upwardly in reference to gripper 126, 
causing the gripper surfaces 125 to move outwardly to engage groove 121. This in turn 
allows the entire gripper apparatus and the top float to be raised and, as shown in 
Fig. 10D, to be inserted into tube 3 on top of gradient 130. . When the gradient has been 
recovered, the loading procedure can be reversed, as shown in Fig. 10E and 10F, to 
recover the float. 

The complete process is shown diagramatically in the flowchart of Fig. 1 1 in 
which the gripper grips a float at step S21, moves to a vessel in step S22, inserts the float 
10 into a vessel at step S23, then determines whether or not more floats are to be inserted 
in step S24. If more floats 10 are to be inserted in more vessels, the process returns to 
step S21 . Otherwise, the operation is completed and processing can move to removal of 
layers as described above with respect to either Fig. 6 or Fig. 7. 

It should be understood that the combination of methods for unloading sets of 
precision gradients may utilize optical data from the gradients themselves or may include 
preprogramming such that gradient layers are withdrawn based upon predetermined 
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dimensions. Cell anotissue extracts autolyze and degrade witnume. If gradients are 
collected in small increments, then analyzed to locate subcellular organelles among these 
fractions, and the data then used to identify which fractions should be combined for high 
resolution proteomic analysis, considerable time will have elapsed, and the samples will 
5 have been degraded. The solution to this problem in the present invention is the direct 
combination of means for optically analyzing gradients combined with mechanical 
means for directly recovering the volume elements containing specific organelles. 

For example, mitochondria possess iron-containing enzymes lacking in the 
endoplasmic reticulum fraction, giving mitochondria in bulk a distinct reddish brown 
10 color. In contrast, the endoplasmic reticulum is white with a trace of yellow. Hence 
these two fractions can be distinguished by eye. This difference has not previously been 
used to monitor the separation of these two fractions. 

A wide variety of dyes have been described as specific to a subcellular organelle, 
but few of them have been used to identify organelles in homogenates, and none have 
15 previously been used to identify organelles in liquid density gradients in order to locate 
them for recovery. 

While the invention has been described in connection with the specific 
embodiments thereof, it will be understood that the invention is capable of further 
modifications. The claims are intended to cover variations, uses and/or adaptations of the 
20 invention following, in general, the principles of the invention and including such 
departures from the present invention from the present disclosure, within known and 
customary practice within the art to which the invention pertains. 

This application is a continuation-in-part of U.S. Ser. No. 09/628,340 filed 
28 July 2000, the contents of which herein are incorporated by reference in entirety. 
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